The study area is in deep water offshore South China. Only one well has been drilled so far. There are 2 target intervals. The shallow interval encountered gas bearing sands with low porosity (average 5%) and high volume of clay (average 55%) and the deep interval carbonates and volcanics with no sand. Gas found in shallow interval was not of commercial saturation. Two key issues needed to be resolved from this study: a) Are there better quality sands away from the drilled well within the seismic block in the shallow interval? b) Are there sands in the deeper target interval? If so how are the qualities of the sands? The study looked at ways of using recent advances in seismic inversion and rock physics unravel most information from seismic in absence of sufficient hard data.
The calibration parameter M 0 can either be a constant or a regression function. The extremes M 0 = 0 and M 0 = ∞
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Innovative Method for Exploring Potential Reservoirs in Areas of Limited Data -A case study from Deep Water South China Sea corresponds to the Reuss and Voigt bounds. M 0 less than 0 would violate these boundaries, so the regression function has to be created in such a way that it is predicting only positive values without creating discontinuity in the first derivative. The model, when using the right regression function, has a more robust extrapolation away from measured data points than conventional methods. The model building process ensures accurate calibration to both well-log and core measurements. Quality control figures are shown in figure 1 and figure2. The modeled bulk modulus and shear modulus show very good match with the measured ones. Based on the robust rock physics model, the elastic parameters of reservoir with higher porosity and lower volume of clay scenarios were forward modeled. Then pseudo logs generated from the forward modeling were incorporated in our Bayesian litho-classification used for the reservoir characterization in order to capture the heterogeneities in the reservoir types.
Pre-stack 3D AVO Simultaneous Inversion
The quality of the pre-stack inversion results relies on the quality and stability of the input seismic data. The seismic velocities were quality checked by comparing the interval velocity traces at the well location with sonic velocity from the well. Low pass filter applied on the sonic velocity to establish a reasonable comparison with seismic velocity in terms of frequency content. As another QC to validate the correctness of the seismic velocity data, horizons slice of the velocity was also extracted and compared with the corresponding slice of seismic. As it is displayed the general trend that is seen from seismic is still preserved in seismic velocity data. Alignment is the process of aligning a seismic reflector to the reference reflector in time while still preserving its amplitude in order to compensate for any residual normal move out (NMO) effects. After elaborate testing of suitable angle bands and range of 8-14, 14-20, 20-26, 26-32, 32-38, 38-44 was found to be most suitable for pre-stack inversion. Figure 3 shows the wavelets extracted from these angle stacks and Figure  4 shows the inversion results at the well location. A low frequency prior model uses 8 Hz from the wells. Relative seismic inversion and seismic velocities was used in an innovative way to guide the interpolation process. This is very important as otherwise the model gets heavily biased by a single well and cannot bring in the geologic heterogeneity into the model. The main outputs from 3D global simultaneous AVO seismic inversion are inverted volumes of Acoustic Impedance, VPVS ratio, and Density. The inversion results showed an excellent match with the well logs ( Figure 4 ).
Rock Physics inversion
The Rock Physics Inversion utilizes the rock physics model in the reverse form, to provide deterministic output volumes of volume of clay and porosity for the 3D survey. The rock physics model allow for a multi-mineral rock physics model, where bulk and shear modulus for the sand and shale, e.g. clay and quartz, is input, as well as the fluid properties. Simultaneous AVO Inversion results for AI, VP/VS ratio and Density are also the input data. The input models include prior models for PHIT, VCL and prior models which are constructed as well-log extrapolations, and have been filtered consistent with the priors that are input to the AVO inversion. The methodology in which the rock physics inversion is run is as follows. Firstly, build prior models for VCL, PHIT, and SW, then invert for PHIT, VCL, then perform QC of output modelled AI, VP/VS and RHOB with the input from 3D AVO inversion, finally, QC output inversion tie with well logs shown in Figure 5 .
3D Lithology Prediction
A Bayesian based lithology classification scheme was used to predict possible lithologies from seismic inversion along with their associated probabilities. Combined with rock physics forward modeling and inversion, in this study area, the rock can be classified into four major units on the basis of data analysis: (i) rock with less than 45 % clay content and more than 15 % porosity, less than 30% water saturation is defined as good quality reservoir sandstone (ii) rock with less than 50 % clay content, less than 12 % porosity and water saturation between 30% to 60% is defined as poor quality reservoir sandstone (iii) rock with less than 50%-70% clay content and less than 7% porosity is defined as sandy shale and (iv) otherwise called shale. The Bayesian success rate of this prediction are verified at available wells and the statistics of predictability is 71%. Figure 6 shows lithology predictions for the section through the well. The displayed log curve in the figure is the VCL curve. And about 20km 2 sand potential reservoir distribution is found shown in Figure 7 . Even though the drilled well only penetrated volcanics, carbonates and shales in the deeper interval, wells outside our study area but within the same basin and similar geologic setting were analysed to understand the sand response in this stratigraphic interval and used for building our pdfs for litho-classification. Several possible sand deposits were predicted by Bayesian scheme using the AVO inversion results.
Conclusions
An integrated processing and reservoir characterization project was carried out. Two target intervals were identified in the study area: sandy-silty turbidite sands in shallow interval and carbonate & volcanic facies in the deeper interval. Rock physics analysis and model building was carried out separately for these two intervals to understand the behavior of the lithologies in context of elastic properties and their dependencies on porosity, water saturation and volume of clay. Pre-stack AVO simultaneous inversion was run to estimate Acoustic Impedance, Vp/Vs and density from the reprocessed PSTM seismic data. Additional attributes Lambda-rho and lambda/Mu were also derived. These attributes were then integrated with rock physics analysis to output lithology cubes. The rock physics modeling was used to forward model and generate scenarios of sands with higher porosity and higher hydrocarbon saturations to understand the elastic domain response in these cases and was integrated with input measured logs for generating probability density functions for the shallow interval. The probability density functions were applied on the pre-stack inversion outputs to generate 4 litho classes, namely shale, poor sandy shale, sands at well location quality and better sands with higher porosity and hydrocarbon saturation. The rock physics model was used in rock physics inversion application to generate porosity and Vclay cubes. Our multi-attribute analysis predicted significant hydrocarbon reserves for the shallow interval. For the deeper interval the well penetrated mostly carbonates and volcanics. To help our understanding we have looked at wells outside our study area to understand the sand response in this stratigraphic interval and used it to build our pdfs for litho-classification. We observed that there may be significant sand deposits in this stratigraphic interval which can be used to optimize a drilling plan for both intervals. There are prospective sands both to the east and west of the well.
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